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THIN-FILM TRANSISTOR ARRAY
SUBSTRATE AND METHOD OF
FABRICATING THE SAME

CLAIM OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119

from an application earlier filed 1n the Korean Intellectual
Property Oflice on 1 Feb. 2011 and there duly assigned Serial
No. 10-2011-0010348.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin-film transistor (1TFT)
array substrate and a method of fabricating the same.

2. Description of the Related Art

Generally, athin-film transistor (TFT) array substrate com-
prises a substrate having capacitors and TFTs, and 1s used to
produce the so-called active matrix flat panel display 1n which
the operation of each pixel or subpixel 1s controlled by a TFT
clectrically connected to the pixel or subpixel.

A TFT array substrate includes a plurality of TFTs, and fine
patterns are formed 1n each TFT. To form these fine patterns,
many processes are performed. In that regard, various meth-
ods may be used to form the fine patterns. Among the meth-
ods, photolithography using masks 1s being widely used.

Photolithography 1s a process which requires precise con-
trol. In addition, forming patterns using masks mvolves many
processes such as forming, exposing, developing and etching,
of a photoresist. Since photolithography using masks
involves many processes, 1t makes the process of fabricating
a tlat panel display complicated and increases the processing
time. Furthermore, photolithography using masks makes pro-

cess management difficult, causing defects.

SUMMARY OF THE INVENTION

The present invention provides a thin-film transistor (TFT)
array substrate which can be fabricated 1n a simplified pro-
cess, and which employs wirings approprate for device char-
acteristics.

The present invention also provides a method of fabricating,
a TF'T array substrate, which employs wirings approprate for
device characteristics, 1n a stmplified process.

However, the aspects, features and advantages of the
present mnvention are notrestricted to the ones set forth herein.
The above and other aspects, features and advantages of the
present invention will become more apparent to one of ordi-
nary skill in the art to which the present invention pertains by
referencing the detailed description of the present invention
given below.

According to an aspect of the present invention, a thin-film
transistor (TFT) array substrate comprises: a substrate; an
active layer and a capacitor first electrode formed on the
substrate; a gate msulating film formed on the substrate, the
active layer and the capacitor first electrode; a gate electrode
formed on the gate insulating film corresponding to the active
layer and a capacitor second electrode formed on the gate
insulating {ilm corresponding to the capacitor first electrode;
an interlayer isulating film formed on the gate msulating
f1lm, the gate electrode, and the capacitor second electrode;
and a pixel electrode, a source electrode, and a drain electrode
formed on the interlayer insulating film; wherein at least one
of the source electrode and the drain electrode 1s formed on
the pixel electrode.
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According to another aspect of the present invention, a
method of fabricating a TFT array substrate comprises: form-
ing an active layer and a capacitor {first electrode on a sub-
strate; forming a gate insulating film on the substrate, the
active layer, and the capacitor first electrode; forming a gate
clectrode and a capacitor second electrode on the gate 1nsu-
lating film; sequentially forming an interlayer imnsulating film
and a conductive film so as to form a pixel electrode on the
gate sulating film, the gate electrode, and the capacitor
second electrode; forming contact holes which expose prede-
termined regions of the active layer by etching predetermined
regions of the conductive film so as to form the pixel elec-
trode, the mterlayer insulating film, and the gate insulating
f1lm; forming a conductive film so as to form source and drain
clectrodes on the conductive film for forming the pixel elec-
trode; forming a first photoresist pattern on the conductive
film so as to form the source and drain electrodes using a
halftone mask; and forming the source and drain electrodes
and the pixel electrode by etching the conductive film so as to
form the source and drain electrodes and the conductive film
for forming the pixel electrode using the first photoresist
pattern as an etch mask.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the mvention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered 1n conjunc-
tion with the accompanying drawings, 1n which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 1s a schematic cross-sectional view of a thin-film
transistor (IFT) array substrate according to an exemplary
embodiment of the present invention; and

FIGS. 2 thru 17 are cross-sectional views sequentially
illustrating a method of fabricating a TFT array substrate
according to an exemplary embodiment of the present mven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Advantages and features of the present invention and meth-
ods of accomplishing the same may be understood more
readily by reference to the following detailed description of
exemplary embodiments and the accompanying drawings.
The present invention may, however, be embodied 1n many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete and will fully convey the concept of the mnven-
tion to those skilled 1n the art, and the present invention wall
only be defined by the appended claims. In the drawings, sizes
and relative sizes of elements may be exaggerated for clarity.

Like reference numerals refer to like elements throughout
the specification. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed 1tems.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
are mtended to iclude the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” and/or “made of,” when
used 1n this specification, specily the presence of stated com-
ponents, steps, operations, and/or elements, but do not pre-
clude the presence or addition of one or more other compo-
nents, steps, operations, elements, and/or groups thereof.
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It will be understood that, although the terms first, second,
third, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another
element. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the present invention

Embodiments of the invention are described herein with
reference to planar and cross-section illustrations which are
schematic 1llustrations of idealized embodiments of the
invention. As such, variations from the shapes of the 1llustra-
tions, as a result, (for example) of manufacturing techniques
and/or tolerances, are to be expected. Thus, embodiments of
the 1nvention should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
deviations in shapes which result, for example, from manu-
facturing. Thus, the regions illustrated 1n the figures are sche-
matic 1n nature, and their shapes are not intended to illustrate
the actual shape of a region of a device, and are not intended
to limit the scope of the invention.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention pertains. It will be further understood
that terms, such as those defined 1n commonly used dictio-
naries, should be imterpreted as having a meaning which 1s
consistent with their meaning 1n the context of the relevant
art, and should not be mterpreted 1n an 1dealized or overly
formal sense unless expressly so defined herein.

A thin-film transistor (TF'T) array substrate according to an
exemplary embodiment of the present mvention will be
described with reference to FIG. 1.

FIG. 1 1s a schematic cross-sectional view of a TF'T array
substrate according to an exemplary embodiment of the
present invention.

Referring to FIG. 1, the TFT array substrate according to
the current exemplary embodiment includes a substrate 10, an
active layer 13, a gate electrode 31, source and drain elec-
trodes 66 and 65, respectively, a pixel electrode 535, a capaci-
tor first electrode 15, a capacitor second electrode 35, and a
pad 36.

The TF'T array substrate includes a light-emitting region 1,
a TF'T region II, a capacitor region III, and a pad region IV.
TFTs are formed 1n the TFT region II. At least one TFT may
be formed in each pixel. In FIG. 1, one TF'T formed 1n a pixel
1s illustrated. However, this 1s merely an example for ease of
description, and the present invention 1s not limited to this
example. That 1s, a plurality of TF'T's can be formed 1n each
pixel.

The substrate 10 may be made of a transparent glass mate-
rial containing S10, as a main component. However, the
material which forms the substrate 10 1s not limited to the
transparent glass material. The substrate 10 may also be made
ol a transparent plastic material which may be an insulating
organic material selected from the group consisting of poly-
cthersulphone (PES), polyacrylate (PAR), polyetherimide
(PEI), polyethylene napthalate (PEN), polyethylene tereph-
thalate (PET), polyphenylene sulfide (PPS), polyallylate,
polyimide, polycarbonate (PC), cellulose triacetate (TAC),
and cellulose acetate propionate (CAP).

A butfer layer 11 may be disposed on the substrate 10 so as
to form an even surface on the substrate 10 and prevent
penetration ol impurities into the substrate 10. The builer
layer 11 may be made of S10, and/or SiN..

The active layer 13 and the capacitor first electrode 13 are
tformed on the butifer layer 11. The active layer 13 and the
capacitor first electrode 15 may be made of an mnorganic or
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4

organic semiconductor such as amorphous silicon or polysili-
con. The active layer 13 may include a source region, a drain
region, and a channel region. The source and drain regions
may be formed by 1njecting impurities into the active layer 13
made of amorphous silicon or polysilicon. In this regard,
donor impurity 10ns, such as P, As or Sb, may be injected so as
to manufacture an N-type TFT, and acceptor impurity 10ons,
such as B, Al, Ga or In, may be mjected so as to manufacture
a P-type TFT. The capacitor first electrode 15 may be formed
by 1njecting impurities into an 1organic or organic semicon-
ductor such as amorphous silicon or polysilicon so that the
inorganic or organic semiconductor has conductivity.

A gate 1nsulating film 20 1s formed on the buffer layer 11,
the active layer 13, and the capacitor first electrode 15. The
gate msulating film 20 insulates the active layer 13 from the
gate electrode 31 and forms an 1insulator between the capaci-
tor first electrode 15 and the capacitor second electrode 35.
The gate msulating film 20 may be an organic insulating film
or an 1morganic msulating film made of, e.g., SIN_, S10, or
S10N.

The gate electrode 31, the capacitor second electrode 35,
and the pad 36 are formed on the gate mnsulating film 20. The
gate electrode 31 includes a first gate electrode film 32, a
second gate electrode film 33, and a third gate electrode film
34 stacked sequentially on the gate insulating film 20. The
first gate electrode film 32 may be made of T1, Ta, or Cr. The
second gate electrode film 33 may be made of metal with low
resistivity, for example, Al-based metal such as Al or an Al
alloy, Ag-based metal such as Ag or an Ag alloy, or Cu-based
metal such as Cu or a Cu alloy, 1n order to reduce the signal
delay or voltage drop of the gate electrode 31. In addition, the
third gate electrode film 34 may be made of Mo-based metal
such as Mo or a Mo alloy. The gate electrode 31 1s connected
to a gate line (not shown) which transmits an on/oif signal of
aTFT.

The capacitor second electrode 35 1s made of the same film
as the first gate electrode film 32 of the gate electrode 31.
Referring to FIG. 1, 1in a state where a conductive film for
forming the capacitor second electrode 33 1s formed, 1mpu-
rities are injected into an morganic or organic semiconductor
which forms the capacitor first electrode 15. Therefore, the
impurities mnjected into the capacitor first electrode 15 may
also be contained in the capacitor second electrode 35. The
capacitor second electrode 35 and the gate electrode 31 may
have different thicknesses, and the capacitor second electrode
35 and the first gate electrode film 32 of the gate electrode 31
may have equal thicknesses.

The pad 36 1s formed 1n the pad region IV. Like the capaci-
tor second electrode 35, the pad 36 1s made of the same film
as the first gate electrode film 32 of the gate electrode 31.
Since the pad 36 1s made of the material which forms the first
gate electrode film 32 of the gate electrode 31, such as 11, Ta
or Cr, 1t may not corrode. The pad 36 and the gate electrode 31
may have different thicknesses, and the pad 36 and the first
gate electrode film 32 of the gate electrode 31 may have equal
thicknesses.

The second gate electrode film 33 and the third gate elec-
trode film 34 of the gate electrode 31 may be narrower than
the first gate electrode film 32. That 1s, the second gate elec-
trode film 33 and the third gate electrode film 34 may expose
a predetermined region of an end of the first gate electrode
f1lm 32.

In the current exemplary embodiment, the second gate
electrode film 33 made of low-resistance metal, such as Al, 1s
included 1n the gate electrode 31, while the pad 36 1s made of
the same film as the first gate electrode film 32 which does not
corrode. In addition, the second gate electrode film 33 and the
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third gate electrode film 34 are removed, and only the first
gate electrode film 32 1s used as the capacitor second elec-
trode 35. Therefore, impurities can be simultaneously
injected into the capacitor first electrode 15 and the active
layer 13 without using a mask. Furthermore, in the current
exemplary embodiment, since the gate electrode 31, the
capacitor second electrode 35, and the pad 36 are formed
using one halftone mask, the number of masks used can be
reduced.

An interlayer isulating film 40 1s formed on the gate
insulating film 20, the gate electrode 31, the capacitor second
clectrode 35, and the pad 36. Contact holes 45 and 46 expos-
ing the source and drain regions, respectively, of the active
layer 13, and a hole 47 exposing a predetermined region of the
pad 36 are formed 1n the interlayer insulating film 40, and 1n
the gate insulating film 20, with respect to contact holes 45
and 46. In the current exemplary embodiment, since the pixel
clectrode 55 1s formed on the interlayer msulating {ilm 40 so
as to be 1n direct contact with the interlayer mnsulating film 40,
the interlayer insulating film 40 may be formed so as to have
an even top surface. However, the present invention 1s not
limited thereto. The interlayer isulating film 40 may also be
tormed along the steps of the underlying layers, and thus have
an uneven top surface.

The interlayer msulating film 40 may be made of an 1nor-
ganic isulating film or an organic insulating film. Examples
of the 1norganic msulating film which forms the interlayer
insulating film 40 include S10,, SiN_, S1ON, Al,O,, T10,,
Ta,O., HIO,, ZrO,, BST and PZT, and examples of the
organic insulating film include general-purpose polymer
(such as polymethylmethacrylate (PMMA) or polystyrene
(PS)), polymer dernivatives having a phenol group, acrylic
polymer, imide polymer, aryl ether polymer, amide polymer,
fluorine polymer, p-xylene polymer, vinyl alcohol polymer,
and a blend of these matenals. The interlayer insulating film
40 may also be made of a composite stack of the mnorganic
insulating film and the organic msulating film.

The pixel electrode 55 1s formed on the interlayer insulat-
ing {ilm 40. Specifically, the pixel electrode 55 1s formed on
the interlayer mnsulating film 40 so as to be 1n direct contact
with the interlayer msulating film 40. The pixel electrode 55
may be made of a transparent conductive film containing one
or more transparent materials selected from ITO, 120, ZnO,
and In,O;,.

The source and drain electrodes 66 and 63, respectively, are
formed on the pixel electrode 55. Specifically, any one (e.g.,
the drain electrode 65) of the source and drain electrodes 66
and 65, respectively, 1s formed on the pixel electrode 55 so as
to be 1n direct contact with the pixel electrode 35, and the
other one (e.g., the source electrode 66) of the source and
drain electrodes 66 and 65, respectively, 1s formed on a con-
ductive film pattern 52 for forming the pixel electrode so as to
be 1 direct contact with the conductive film pattern 32
formed on the interlayer msulating film 40. Otherwise, the
source electrode 66 may be formed on the pixel electrode 55
so as to be 1n direct contact with the pixel electrode 55, and the
drain electrode 65 may be formed on the conductive film
pattern 52 for forming the pixel electrode so as to be 1n direct
contact with the conductive film pattern 52 formed on the
interlayer msulating film 40.

The source and drain electrodes 66 and 63, respectively,
may be a single layer of a material selected from the group
consisting of Mo, W, MoW, AINd, Ti1, Al, an Al alloy, Ag, and
an Ag alloy. Alternatively, the source and drain electrodes 66
and 63, respectively, may be made up of two or more layers of
Mo, Al or Ag, which are low-resistance materials, 1n order to
reduce wiring resistance. That 1s, the source and drain elec-
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trodes 66 and 63, respectively, may have a multilayered struc-
ture selected from the group consisting of Mo/Al/Mo, MoW/
AINd/MoW, T1/Al/'T1, Mo/ Ag/Mo, and Mo/Ag alloy/Mo. The
source and drain electrodes 66 and 65, respectively, are con-
nected to the source and drain regions, respectively, of the
active layer 13 by the contact holes 46 and 45, respectively.

In the current exemplary embodiment, a conductive film
for forming the pixel electrode 55 1s formed on the interlayer
insulating film 40, and a conductive film for forming the
source and drain electrodes 66 and 65, respectively, 1s formed
on the conductive film for forming the pixel electrode 55.
Then, these conductive films are patterned using one halftone
mask. Therefore, the number of masks required can be
reduced.

The TF'T array substrate shown in FIG. 1 can be used 1n a
flat panel display. For example, a common electrode (not
shown) may be formed above the pixel electrode 55, and a
liquid crystal layer (not shown) may be formed between the
pixel electrode 55 and the common electrode, thereby com-
pleting a liquid crystal display (LCD).

A method of fabricating a TF'T array substrate according to
an exemplary embodiment of the present mnvention will be
described with reference to FIGS. 1 thru 17.

FIGS. 2 thru 17 are cross-sectional views sequentially
illustrating a method of fabricating a TFT array substrate
according to an exemplary embodiment of the present mven-
tion. Elements substantially 1dentical to those of FIG. 1 are
indicated by like reference numerals, and thus their detailed
description will be omatted.

Referring to FIG. 2, a buffer layer 11 and a semiconductor
f1lm 12 are sequentially formed on a substrate 10. The buifer
layer 11 and the semiconductor film 12 may be deposited by,
¢.g., chemical vapor deposition (CVD). When the semicon-
ductor film 12 1s made of polysilicon, 1t may be formed by
depositing an amorphous silicon layer on the builer layer 11
and crystallizing the amorphous silicon layer using eximer
laser annealing (ELLA), sequential lateral solidification (SLS),
metal induced crystallization (MIC), or metal induced lateral
crystallization (MILC).

A first photoresist film 100 1s formed on the semiconductor
film 12. A first photomask 200 1s placed above the first pho-
toresist film 100. For ease of description, the case where the
first photoresist film 100 1s a positive photoresist 1s described
as an example. However, the present invention 1s not limited
to this example, and a negative photoresist may also be used
as the first photoresist film 100.

The first photomask 200 includes light-blocking regions
201 and light-transmitting regions 202. The light-transmuit-
ting regions 202 allow emitted light to pass therethrough, and
the light-blocking regions 201 block the emaitted light. The
first photomask 200 1s positioned so that the light-blocking
regions 201 correspond to regions in which an active layer 13
(see FIG. 1) and a capacitor first electrode 15 (see FIG. 1) are
to be formed.

Referring to FIGS. 2 and 3, the first photoresist film 100 1s
exposed to light through the first photomask 200 and 1s then
developed. As aresult, regions of the first photoresist film 100
which correspond to the light-transmitting regions 202 are
removed, whereas regions of the first photoresist film 100
which correspond to the light-blocking regions 201 remain to
form a first photoresist pattern 101.

Referring to FIGS. 3 and 4, the semiconductor film 12 1s
ctched using the first photoresist pattern 101 as an etch mask,
thereby forming the active layer 13 and the capacitor first
clectrode 15.

Referring to FIG. 5, a gate insulating film 20 1s formed on
the butler layer 11, the active layer 13, and the capacitor first
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clectrode 15. The gate insulating film 20 may be formed of an
organic insulating film or an 1norganic msulating film, such as
SIN_, S10, or S1ON by CVD. Next, a gate conductive film 21
for forming a gate electrode 31 (see FI1G. 1) 1s formed on the
gate insulating film 20. The gate conductive film 21 may be
formed by sequentially stacking a first conductive film 22, a
second conductive film 23, and a third conductive film 24 on
the gate mnsulating film 20. The first conductive film 22 may
be made of Ti, Ta or Cr, and the second conductive film 23
may be made of Al-based metal such as Al or an Al alloy,
Ag-based metal such as Ag or an Ag alloy, or Cu-based metal
such as Cu or a Cu alloy. In addition, the third conductive film
24 may be made of Mo-based metal such as Mo or a Mo alloy.
The first thru third conductive films 22 thru 24, respectively,
may be formed by, e.g., sputtering.

A second photoresist film 110 1s formed on the third con-
ductive film 24. A second photomask 210 1s placed above the
second photoresist film 110. For ease of description, the case
where the second photoresist film 110 1s a positive photoresist
1s described as an example. However, the present invention 1s
not limited to this example, and a negative photoresist may
also be used as the second photoresist film 110.

The second photomask 210 1s a halftone mask which
includes light-transmitting regions 211, a light-blocking
region 212, and semi-transmitting regions 213. The semi-
transmitting regions 213 allow only part of emitted light to
pass therethrough. The second photomask 210 1s positioned
so that the light-blocking region 212 corresponds to a region
in which the gate electrode 31 (see FIG. 1) 1s to be formed, and
that the semi-transmitting regions 213 correspond to regions
in which a capacitor second electrode 35 (see FIG. 1) and a
pad 36 (see FIG. 1) are to be formed.

Referring to FIGS. 5 and 6, the second photoresist film 110
1s exposed to light through the second photomask 210 and
then developed. As a result, regions of the second photoresist
film 110 which correspond to the light-transmitting regions
211 are removed, whereas regions of the second photoresist
film 110 which correspond to the light-blocking region 211
and the semi-transmitting regions 213 remain to form a sec-
ond photoresist pattern 111. The second photoresist pattern
111 includes a first sub-photoresist pattern 112 corresponding
to the light-blocking region 212 and second sub-photoresist
patterns 113 corresponding to the semi-transmitting regions
213. The second sub-photoresist patterns 113 are thinner than
the first sub-photoresist pattern 112.

Referring to FIGS. 6 and 7, the gate conductive film 21 1s
ctched using the second photoresist pattern 111 as an etch
mask. The etching of the gate conductive film 21 may include
wet-etching the third conductive film 24 and the second con-
ductive film 23 and dry-etching the first conductive film 22. In
the wet-etching process, an etchant, such as phosphoric acid,
nitric acid or acetic acid, may be used. In the dry-etching
process, a Cl-based etching gas, such as Cl, or BCl;, may be
used.

Referring to FIGS. 7 and 8, the second sub-photoresist
patterns 113 are removed. The second sub-photoresist pat-
terns 113 may be removed by an ashing process using oxygen.
When the second sub-photoresist patterns 113 are removed,
the first sub-photoresist pattern 112 may also be partially
removed. As a result, the thickness and width of the first
sub-photoresist pattern 112 may be reduced.

Referring to FIGS. 8 and 9, the third conductive film 24 and
the second conductive film 23 are etched again using the
remaining first sub-photoresist pattern 112 as an etch mask.
For example, the third conductive film 24 and the second
conductive film 23 may be wet-etched. In this regard, the third
conductive film 24 and the second conductive film 23 of a
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capacitorregion Il and a pad region IV are removed. The first
conductive film 22 remaining in the capacitor region III
becomes the capacitor second electrode 35, and the first con-

ductive film 22 remaining in the pad region IV becomes the
pad 36.

The first thru third conductive films 22 thru 24, respec-

tively, remaining in the TFT region II become first through
third gate electrode films 32 through 34, respectively. Since
the third conductive film 24 and the second conductive film 23
are etched using the first sub-photoresist pattern 112 having
the reduced width, the second gate electrode film 33 and the
third gate electrode film 34 may be narrower than the first gate
clectrode film 32. That 1s, the second gate electrode film 33
and the third gate electrode film 34 may expose a predeter-

mined region of an end of the first gate electrode film 32.

In FIG. 9, both the third conductive film 24 and the second
conductive film 23 are removed from the pad region IV.
However, the present invention i1s not limited thereto. The
third conductive film 24 and the second conductive film 23 of
the pad region IV may be prevented from being removed
using a photoresist pattern. Then, they may be removed, for
example, when a conductive film for forming source and
drain electrodes 66 and 65, respectively, 1s removed from the
pad region IV 1n a subsequent process.

Referring to FIGS. 9 and 10, the first sub-photoresist pat-
tern 112 1s removed, and impurity 1ons are implanted into the
active layer 13 and the capacitor first electrode 15. The
implantation process of impurity 1ons may be performed by
exposing the entire substrate 10 having the gate electrode 31
and the capacitor second electrode 35 to impurity 1ons with-
out using a mask. In this regard, the impurity ions are
implanted only 1nto regions of the active layer 13 which are
exposed by the gate electrode 31. Since the capacitor second
clectrode 35 1s thinner than the gate electrode 31, the impurity
ions pass through the capacitor second electrode 35 so as to be
injected 1nto the capacitor first electrode 135. Donor impurity
ions such as P, As or Sb may be ijected to manufacture an
N-type TF'T, and acceptor impurity ions such as B, Al, Ga or
In may be imjected to manufacture a P-type TFT. In this
regard, since the capacitor second electrode 35 1s exposed
during the implantation process of impurity ions, impurities
doped 1nto the capacitor first electrode 15 may also be doped
into the capacitor second electrode 35.

Referring to FI1G. 11, an interlayer insulating film 40 and a
conductive film 350 for forming a pixel electrode 55 are
formed on the gate mnsulating film 20, the gate electrode 31,
the capacitor second electrode 35, and the pad 36. The inter-
layer insulating film 40 may be formed so as to have an even
top surface. The interlayer msulating film 40 may be made of
an morganic insulating film, an organic mnsulating film, or a
composite stack of these films. The conductive film 50 for
forming the pixel electrode 55 may be formed on the inter-
layer insulating film 40 so as to be 1n direct contact with the
interlayer isulating film 40, and may be a transparent con-
ductive film contaiming one or more transparent materials
selected from ITO, 120, ZnO, and In,O,.

A third photoresist film 120 1s formed on the conductive
f1lm 50 for forming the pixel electrode 55. A third photomask
220 1s placed above the third photoresist {ilm 120. For ease of
description, the case where the third photoresist film 120 1s a
positive photoresist 1s described as an example. However, the
present mnvention 1s not limited to this example, and a negative
photoresist may also be used as the third photoresist film 120.

The third photomask 220 includes light-blocking regions
221 and light-transmitting regions 222. The third photomask
220 1s positioned so that the light-transmitting regions 222
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correspond to regions in which contact holes 45 and 46 (see
FIG. 1) and a hole 47 of the pad region IV are to be formed.

Referring to FIGS. 11 and 12, the third photoresist film 120
1s exposed to light through the third photomask 220 and then
developed. As a result, regions of the third photoresist film
120 which correspond to the light-transmitting regions 222
are removed, whereas regions of the third photoresist film 120
which correspond to the light-blocking regions 221 remain to
form a third photoresist pattern 121.

Referring to FIGS. 12 and 13, the interlayer insulating film
40 and the conductive film 50 for forming the pixel electrode
53 are etched using the third photoresist pattern 121 as an etch
mask, thereby forming the contact holes 45 and 46 and the
hole 47 which exposes a predetermined region of the pad 36.
In this regard, the interlayer imnsulating film 40 and the con-
ductive film 50 for forming the pixel electrode 55 may be
dry-etched.

Referring to FIGS. 13 and 14, the third photoresist pattern
121 1s removed, and then a conductive film 60 for forming the
source and drain electrodes 66 and 65, respectively, 1s formed
on the conductive film 50 for forming the pixel electrode 55.
The conductive film 60 for forming the source and drain
clectrodes 66 and 65, respectively, fills the contact holes 435
and 46 and the hole 47 which exposes the predetermined
region of the pad 36.

The conductive film 60 for forming the source and drain
clectrodes 66 and 65, respectively, may be a single layer of a
matenal selected from the group consisting of Mo, W, MoW,
AINd, T1, Al, an Al alloy, Ag, and an Ag alloy. Alternatively,
the conductive film 60 for forming the source and drain elec-
trodes 66 and 65, respectively, may be made up of two or more
layers of Mo, Al or Ag, which 1s a low-resistance material, 1n
order to reduce wiring resistance. That 1s, the conductive film
60 for forming the source and drain electrodes 66 and 65,
respectively, may have a multilayered structure selected from

the group consisting of Mo/Al/Mo, MoW/AINd/MoW, Ti/Al/
T1, Mo/Ag/Mo, and Mo/Ag alloy/Mo. The conductive film 60
for forming the source and drain electrodes 66 and 65, respec-
tively, may be formed by, e.g., sputtering.

A Tourth photoresist film 130 1s formed on the conductive
film 60 for forming the source and drain electrodes 66 and 65,
respectively. A fourth photomask 230 1s placed above the
tourth photoresist film 130. For ease of description, the case
where the fourth photoresist film 130 1s a positive photoresist
1s described as an example. However, the present invention 1s
not limited to this example, and a negative photoresist may
also be used as the fourth photoresist film 130.

The fourth photomask 230 1s a halftone mask which
includes light-transmitting regions 231, light-blocking
regions 232, and a semi-transmitting region 233. The fourth
photomask 230 1s positioned such that the light-blocking
regions 232 correspond to regions i which the source and
drain electrodes 66 and 65 (see FI1G. 1), respectively, are to be
formed, and that the semi-transmitting region 233 corre-
sponds to a region in which the pixel electrode 55 (see FIG.
55) 1s to be formed.

Referring to FIGS. 14 and 135, the fourth photoresist film
130 1s exposed to light through the fourth photomask 230 and
then developed. As a result, regions of the fourth photoresist
film 130 which correspond to the light-transmitting regions
231 are removed, whereas regions of the fourth photoresist
f1lm 130 which correspond to the light-blocking regions 232
and the semi-transmitting region 233 remain so as to form a
tourth photoresist pattern 131. The fourth photoresist pattern
131 includes third sub-photoresist patterns 132 correspond-
ing to the light-blocking regions 232 and a fourth sub-photo-
resist pattern 133 corresponding to the semi-transmitting,
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region 233. The fourth sub-photoresist pattern 133 is thinner
than the third sub-photoresist patterns 132.

Referring to FIGS. 15 and 16, the conductive film 50 for
forming the pixel electrode 55 and the conductive film 60 for
forming the source and drain electrodes 66 and 65, respec-
tively, are etched using the fourth photoresist pattern 131 as
an etch mask. The conductive film 50 for forming the pixel
clectrode 35 and the conductive film 60 for forming the
source and drain electrodes 66 and 65, respectively, may be
wet-etched or dry-etched separately or may be wet-etched
simultaneously using an etchant which contains nitric acid
and fluorine 1ons.

Referring to FIGS. 16 and 17, the fourth sub-photoresist
pattern 133 1s removed by an ashing process using oxygen.
When the fourth sub photoreist pattern 133 1s removed, the
third sub-photoresist patterns 132 may be partially removed.
As a result, the thickness and width of the third sub-photore-
s1st patterns 132 may be reduced.

Next, the conductive film 60 for forming the source and
drain electrodes 66 and 65, respectively, 1s etched using the
remaining third photoresist patterns 132 as etch masks. In this
regard, the conductive film 60 for forming the source and
drain electrodes 66 and 65, respectively, 1s removed from a
light-emitting region I, thus exposing the conductive film 50
for forming the pixel electrode 35 in the light-emitting region
I. Consequently, the pixel electrode 55 1s formed.

In the TF'T region II, any one (e.g., the drain electrode 65)
of the source and drain electrodes 66 and 65, respectively, 1s
formed on the pixel electrode 55, and the other one (e.g., the
source electrode 66) of the source and drain electrodes 66 and
65, respectively, 1s formed on a conductive film pattern 52 for
forming the pixel electrode 55. Otherwise, the source elec-
trode 66 may be formed on the pixel electrode 55 so as to be
in direct contact with the pixel electrode 55, and the drain
clectrode 65 may be formed on the conductive film pattern 52
for forming the pixel electrode 55 so as to be 1n direct contact
with the conductive film pattern 52 formed on the interlayer
insulating film 40.

In the pad region 1V, the conductive film 50 for forming the
pixel electrode 55 and the conductive film 60 for forming the
source and drain electrodes 66 and 63, respectively, are
removed, thereby exposing the predetermined region of the
pad 36.

According to the current exemplary embodiment, a TFT
array substrate can be fabricated using four photomasks 200,
210, 220 and 230. In addition, the second gate electrode film
33 made of low-resistance metal, such as Al, 1s included 1n the
gate electrode 31, while the pad 36 and the first gate electrode
f1lm 36 are made of the same material which does not corrode.

Although the present invention has been described 1n con-
nection with exemplary embodiments of the present inven-
tion with reference to the accompanying drawings, 1t will be
apparent to those skilled 1n the art that various modifications
and changes may be made thereto without departing from the
scope and spirit of the ivention. Therefore, 1t should be
understood that the above embodiments are not limiting, but
rather they are illustrative 1n all aspects.

What 1s claimed 1s:

1. A thin-film transistor (TF'T) array substrate, comprising;:

a substrate;

an active layer and a capacitor first electrode formed on the
substrate;

a gate msulating film formed on the substrate, the active
layer and the capacitor first electrode;

a gate electrode formed on the gate insulating film corre-
sponding to the active layer;



US 8,716,710 B2

11

a capacitor second electrode formed on the gate mnsulating
film corresponding to the capacitor first electrode;

an 1nterlayer msulating film formed on the gate insulating
film, the gate electrode and the capacitor second elec-
trode; and

a pixel electrode, a source electrode and a drain electrode
formed on the interlayer isulating film; wherein

at least one ot the source electrode and the drain electrode
1s formed on the pixel electrode; and

the gate electrode comprises a first gate electrode film, a
second gate electrode film and a third gate electrode film
stacked sequentially on the gate mnsulating film.

2. The TFT array substrate of claim 1, wherein the gate
clectrode and the capacitor second electrode have different
thicknesses.

3. The TFT array substrate of claim 1, wherein widths of
the second gate electrode film and the third gate electrode film
are narrower than a width of the first gate electrode film.

4. The TFT array substrate of claim 1, wherein the first gate
clectrode film 1s made of one of T1, Ta and Cr, the second gate
clectrode film 1s made of one of Al, an Al alloy, Ag, an Ag
alloy, Cu and a Cu alloy, and the third gate electrode film 1s
made of one of Mo and an Mo alloy.
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5. The TFT array substrate of claim 1, wherein the capaci-
tor first electrode 1s formed by implanting impurity 10ns mnto
polysilicon.

6. The TF'T array substrate of claim 5, wherein the capaci-
tor second electrode contains the impurity 1ons implanted into
the polysilicon to form the capacitor first electrode.

7. The TFT array substrate of claim 1, wherein the pixel
clectrode 1s formed on the interlayer insulating film so as to be
in direct contact with the interlayer isulating film.

8. The TFT array substrate of claim 7, wherein the drain
clectrode 1s formed on the pixel electrode so as to be 1n direct
contact with the pixel electrode.

9. The TFT array substrate of claim 7, wherein the source
clectrode 1s formed on the pixel electrode so as to be 1n direct
contact with the pixel electrode.

10. The TF'T array substrate of claim 1, wherein the capaci-
tor second electrode 1s made of a same film as the first gate
clectrode film.

11. The TFT array substrate of claim 10, wherein the
capacitor second electrode has a thickness equal to a thick-
ness of the first gate electrode film.

12. The TF'T array substrate of claim 10, further compris-

ing a pad formed on the gate insulating film, wherein the pad
1s made of a same film as the first gate electrode film.
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